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DRIVEN STRIPLINE KICKER
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Abrtract

[he first kicker concept design [1] for beam deflection
was constructed 1o allow swripline plates to be diven: thus
directing, or kicking, the electiron beam into two subse-
quent beam lines. This quad-driven stripline kicker is an
eight port electromagnetic network and consists of (wo
actively driven plates and two terminated plates.  Electro-
magnetic measurements performed on the bi-kicker [Z]
and quad-kicker were designed to determine: (1) the gqual-
ity of the fabrication ol the kicker, including component
alignments; (2) quantification of the input feed tansition
regions from the input coax 1o the driven kicker plates; (3)
identification of properties of the kicker itsell without
mvalving the effects of the electron bearn: (4) coupling
between a line current source and the plates of the kicker:
and (5} the eifects on the driven curreni to simulate an
electron beam throwgh the body of the kicker. Included in
this are the angular vanations inside the kicker o examine
modal diswibutions. The goal of the simulated beam was
to allow curved path and changing radius stedies w be per-
formed electromagnetically,.  The cold test results pro-
duced were then incorporated into beam models [3].

1 INTRODUCTION

The onginal kicker design was conceived 1o allow for
the diversion of the electron beam dynamically during a
long puise; thus acting like a beam spliner.  Experiments
performed on the kicker [4] dewil the operating parame
ters of the system. This paper outlings the clectromagnetic
cold-test measurements performed on the kicker as part ol
the analysis and concepis for the kicker pulser reguire
ments,

Figure |, The guad-kicker in the ETA-I beamline as
part of the verification experiments (4]0 Note the
Jour ports on each end of the quad-kicker These
ports connect directly o the deflection plates. Two of
the white pulser cables are visible in the foregrotnd,

Due 1o heamline usage and the motivations for the cold
test measurements, the kicker was tested in the LLNL
Electromagnetics Laboratory using a variety of vector net-
work analyzers (1o sweep the frequency band) and time
domain impulse generators and scopes.

Tire guud-kicker was fested using [re-
grency= and nme-domain scopes 10 cover the band
e e awept freguency lests and  iRstanldneons
fmpuelse rests,

Figure 2.

2 KICKER PORT TESTING

Each of the eight input ports of the Kicker were lested
over a frequency band from 45 MHz 10 300 MHz. Two
ports connected o the input and out-
put of each of the four plates through
a tapered transition region through a
The pin on the
plate connected directly to the cenier
pin of the coax. The results of he
messurements (shown in Figure 3)
indicate a broadband match with the
exceprion of resonances caused by the feed regions. The
comparison 0 Figure 4 illustrates the feed region etfects
based on experience learned from the bi-kicker and quad-
kicker development activiies
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Figure 4, The inpur reflection coefficient (in dB) vs,
freguency (in MHz) of the bi-kicker way much maore
aniform due to the more gradual transition region
after the coaxial feeds, The quad-Sicker had a move
abrupt transition after e cowx and hae a larger
wpni reflection coefficient.  The spikes in the i
Cicker response curve are due o the grownded plate
rexonanees and were eliminated in the eucrd-Kicker.

Figure 5, The complex input impedance of the kicker
i AMewn e anke aof the ports (He varianee henieen
the ports is +~ 7
eneer). The three straight lines in the curve repre-

semt i er .l.{JrH‘uHrr.L;

ey dwe e fubeication differ

J CROSS COUPLING TERMS

The cross-plate coupling erms of the Kicker corre-
sponded 1o the coupling between adjacent and opposile
ends of the various plates 1w each other. These coupling
terms represent energy that couples from the Kicker pulse
driven plate wo those plates that are erminated, thus mduc-
ing fields onto plates that ave not directly driven.  These
cross coupling terms are appreciable (8% amd 20%) even
at the lower frequencies,
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Figure 6. The muagnitude of the coupling berween

delfebcent plares vy, freguency shows STRIficant cross
conpling at multiples of 80 MHz. The adjacent plate
conpling 18 20% aned the crosy plate coupling is 3%.

7. The yuad-kicker plates are wdentical and
gach 15 connected 1o o 30-ohm coaxial port. For the
axperimants [ using the existing kicker prilsers, iwvo
of the plutes were driven and the other o plates

Fipnre

were terminated in metched foads. Each plate iz TR
wicle { {287 cm radins | and ix supperted by rexolite

Figure 8. The quad-Eicker had several improvemenis
cver the bi-kicker; including a lareer dicmeier, a
fonger redetion lengtfh, ports tooall plates, amd most
significanily the dominan plate resonanes way ¢im-
netted aited the gucdripole inducing asvmmetnc con-
ditien was efiminated [3). Each kicker 3 shown
wrapped (s bias dipole

4 FORWARD COUPLING TERMS

The kicker pulsers drive one end of the plates and the
other end is mated 10 reduce reflections on the plate strug-
ture. The losg along the plates is less than | dB and the
wansier functien om one end of the plate o the other is
shown in Figure 9,
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Fignre 9. The transter function (in dB) ve, frequeney
Srom ong end of the places 1o the other aind. T the
lew frequency part of the specirum, the curves for the
variows plates overap o within 0.025 |8,

5 KICKER RESPONSE

For dentification of the transient properties of the
kicker and the association between a simulated beam and
the kicker ports, a ramp pulse (0.95V per 300ns) was used



o excite the wire-cumrent.  The resulting waveform that
wis induced on the downstream output port is shown in
Figure ().
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Fignre 10, The effect of the 300 ns ramp pilse couw-
Ming from the wire-cnrvent to one of the kicker
Mates.  In this case, the downstream port is being
momitored.  Nonee thar after abour 70 us, the cou-
pling  wabilizes w0 0005 Volts [corresponds o
0.53%). The spikes ocenr af the rransition of each
SO0 iy excitation ramp wavefirn.

When the central wire representing an eleciwon beam
wiag excited through the main body of the kicker, the
“pump-up’” tme of the kicker was ohserved as an equivi-
lent time constant of 70 ns. This commesponds (o the cavity
fill rime berween the simulated beam pulse and the ports.

6 AZIMUTHAL VARIATIONS

During the course of the measuremenls, the aeimuthal
variation ciused by the offset-rolations of the cumrent-wire

e wis measured and  compared
0.1% \/ agamst the theoretical solution for
,}_,_M an offset wire in an ideal kicker

A comparison between this theo-

—_— " vetical solution (dashed line) for
0 0 10 270 30 4p electrostatic coupling case and

that for the experimental cases al the 5

peak coupling points of 68.4, 1392, |

and 209.4 MHz is shown in the , [ ~—0 _—

above plot. The ratios between the |

experimental data and the theoreti- ;|

cal data is shown on the right. 0
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7 EQUIVALENT CIRCUIT MODEL

The eguivalent circuit model for the kicker is composed
ol o series of wansmission line sections and cross-coupling
terms representing the plae-o-plae  effects.  Also
included in the model are the effects of the input coaxial
inpret feed.

8 CONCLUSIONS

Although the frequency range of interest for kicker
applications is i the low hundreds-of megohertz range and
is based on the bandwidth of the kicker pulser. there were
imitial concems about beam induced effects. For this fre-
quency range: the crogs coupling  between adjacent ports
is less than |4 dB; the input impedance [or each port is
berween 30 and 9 ohms; wansmission along the plates
experiences less than | dB of logs; and cavity mensure-
ments show a cavity pump-up time, and a diidi coupling
between the current-wire and the cavity.

The input reflection coeflicient for some higher fre-
guencies can approach 30%:; but these frequencies are
expected 1o be outside of the normal operating range of the
kicker. However, in making the modificauons from the bi-
kicker design o the quad-kicker design, the frequency
band where these effects make n pronounced difference
wis lowered and is closer w the operating band.  Thus,
subsequent changes in the kicker design would need 1o be
leery of this limit. It should be emphazized however that
the elimination of the shored plates from the bi-kicker
design substantially improved the operation of the gquad-
kicker [4].
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